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PREFACE

he Information, Presentation, and Controls Group
(AAAT~1) of the Air Force Avionies Laboratory is interested
in determining the human engineering problems that may be
encountered by those using a display with a constantly
changing background such as the Airborne Electronic Terrain
Mapping System (AETMS). This research was conducted to
enhance the AETMS be adding a symbol producing software
overlay and to develop the basis for a symbol set for the
AETMS.

I would like to extend my thanks to Dr. Matthew
Kabrisky, my thesis advisor, Lt. David Rall for his

software consultation, and Bruce for his understanding and

support.
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This report has its basis in the Airborne Electronic
Terrain Mapping System (AETMS), an aircraft mapping system
based on an idea proposed by L.A. Tamburino and developed by
the Air Force Avionics Laboratory.

A constantly changing background provides the basis for
an interesting investigation on the hypothesis that a
dynamic background will distract the operator's attention
away from important details on the display.

The software developed provides an overlay of symbols
onto the terrain map generated by the AETMS and is contained
in this report. A symbol and color set is suggested for the
AETMS.

An experiment to determine a master symbol and color
set is suggested. The experiment suggests using both simple
vector symbols and Fourier transformed symbols to help

define the master set.
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An Evaluation of Detail in Dynamic Visual Displays

1. INTRODUCTION

This thesis has two main objectives. One objective is
to provide a software package that will overlay symbols onto
a terrain map generated by the Airborne Electronic Terrain
Mapping System (AETMS). This system was developed by the
Information, Presentation, and Controls Group (AAAT-1) of
the Air Force Avionics Laboratory, based on an idea proposed
by L.A. Tamburino (Ref 16). The software package will
provide a video image processor the ability to display
symbols as well as terrain., The second objective is to
experiment with a small set of symbols to find shapes and
colors that are easy to identify.

The hardware basis for this thesis is the AETMS. This
system is designed to aid pilots in low alitude flying.
"The AETMS is more than a horizonital or vertical situation
map system., It is an integrated information system that
will supplement current aircraft systems, giving the pilot
the capability to negotiate low level, high speed profiles"
(Ref 4:10). Designers have constructed software and
hardware that converts a digitized representation of terrain
into visual display. The software developed for this thesis
provides an overlay of a symbol onto the terrain at the
appropriate latitude and longitude,

There have been many studies of symbols and displays in

the past. These studies were mainly concerned with displays
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that had non-dynamic or static backgrounds, i.e.,
backgrounds that do not change. The AETMS display changes
as does the vehicle's position. A constantly changing
display presents some interesting questions:

1. Will the dynamic background distract the operator's

attention away from important details, such as an
approaching target?

2. If distraction may occur, then what is the best
attention getting shape and/or color for a symbol?

3. What background color should be combined with é )
symbol's shape and color? These questions are the
theoritical basis for the thesis.

’ Due to system limitations, it was impossible to
integrate the thesis software with the AETMS. The reasons
for this were twofold. First, the system allows only 28K of
mepory to be allocated to a task. The thesis software alone
took over 28K and finally had to be tasked in three separate
packages so that it could be tested by itself. Presently,

the thesis software can generate symbols on a plain

k. background., The thesis can be re-written to be overlayed g

onto itself. This method will allow the thesis software to .
be tasked with the AETMS. Secondly, the AETMS is a poorly
documented system. The system exits upon encountering an
error. Explanations as to why an exit occurred are not
generated by the system.‘ This makes trouble shooting rather i
difficult, This system is now being updated to include

error statements. 4
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These limitations made it impossible to complete the
experiments associated with determining optimum symbol shape
and color. Therefore, an explanation of the experiment is

included, along with an analysis of symbols and color, a

discussion of software, and a literature review.
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1I, SOFTWARE

The Airborne Electronic Terrain Mapping System (AETMS)
can be simply described in the following manner: "The
Digital recordings of the Defense Mapping Agency (DMA) world
wide data base are preprocessed as depicted to obtain
polynomial fits for the terrain elevations (Figure 1).
These polynomials are stored as sequences of coefficients
(i,e., compressed form). The on-board mass memory of the
AETHMS will be loaded from a world wide base. The aircraft
naviagation sys£em would provide present position inputs to
the on-board computer which uses them to access memory. The
retrieve coefficients would be used to generate a terrain
relief display for the pilot/navigator" (Ref 10:8).

The AETMS is currently being tested on a PDP 11/45,
The information generated by the AETMS is displayed on a
Ramtek display system via a device driver written by SRL,
Inc. The original AETMS was written by the Systran
Corporation of Dayton, Ohio. The AAAT-1 group is presently
re-writting the AETMS software so that is easier to use and
more responsive to the user. Figure 2 shows the system
configuration.

The AETMS consists of two software packages, PRSPCT and
CNTOUR., PRSPCT provides the user with a direct heads up
view of the terrain as seen from the cockpit. CNTCUR

provides a display much like that seen on a topographical

map. Both PRSPCT and CNTOUR are interactive systems,
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accepting input from a joystick The interested reader is
referred to Systran documentation for a more detailed
discussion of PRSPCT and CNTOUR (Ref 15).

AETMS designers use the following two terms in their
definition of the AETMS structure. They are referenced in
this description of software and so their definitions are
included here. A patch is defined as follows: "Terrain is
divided into a number of patches. A patch is a small area
of terrain whose altitude at each point can be determined

from a polynomial, The polynomial is:
Z = Cl+C2X+(C3+CUX)Y

where X,Y are the coefficients of the point and C1, C2, C3,
C4 are four coefficients that vary from patch to patch, and
Z is the altitude of the terrain at X,Y (Ref 4:15).

Terrain data (coefficients) from the DMA data base is
stored on a disk. These concepts are described in detail by
Tamburino (Ref 16).

Another important concept is that of a BAU. BAU is an
ancronymn for Binary Angular Unit and equals PI/128. This
is a constant used to convert azimuth into smaller units so
that it is easier to access the data base,

The thesis software consists of modules that determine

window bounds, check data against the bounds, and draw

symbols over the terrain generated by the AETMS. The entire

thesis module is titled SYMBOL. The PRSPCT executive

routine call SYMBOL. Figure 3 gives a pictorial view of the
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hierarchy of the modules in SYMBOL. Figure U4 gives a
representation of the relationship between sub-modules in
SYMBOL and the defined common areas. Appendix A contains a
flowchart for the module, and a listing of SYMBOL and test
results are presented in Appendix G.

SYMBOL has five main functions:

1. Determine the values of the corners of the window,
aircraft heading, and conversion factors.

2. Call CONVRT each time the aircraft's position
changes..

3. Call CHECK1 with the bounds found (#1 above), if
and only if aircraft heading is North (0 or 360), South
(180), East (270), or West (90).

4, Call CHECK2 if and only if aircraft heading is
anything other than North, South, East, or West.

5. €Call FLAG if and only if there are symbols within
the bounds of the window,

PRSPCT passes 11 arguments to SYMBOL. Table I presents
the argruments and a short definition for each.

SYMBOL uses these arguments to determine the corner
values (A,B,C,D), conversion factors (POSY,P0SX), and
aircraft heading (IHEAD). Appendix C contains the equations
for generating the needed information. Appendix B ccntains
the variablee and table definitions for SYMBOL and PRSPCT.
SYMBOL returns nothing to PRSPCT.

Subroutine CONVRT is the first subroutine called by the

main body of SYMBOL. POSX and POSY, the conversion factors,

) -
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TABLE I
i
ARGUMENT DEFINITION
)
IAY Latitude (degrees) 1
FAY Latitude (minutes) i
IAX Longitude (degrees) ?
FAX Longitude (minutes) !
|
DX/DY Patch's angular !
width/length (degrees) :
NX/NY Number of Patches in ;
memory !
.\ Aircraft azimuth in BAU's §
! )
! D Aircraft speed (knots) ;
i

‘ DA Aircraft change in azimuth

{ in BAU's

are passed to CONVRT from SYMBOL. CONVRT uses BLOCK DATA
via the common area, DTABLE. BLOCK DATA contains real world
latitude and longitude in a table known as POSTAB. POSTAB
also holds the flag of an object associated with a
particular longitude and latitude. The dimension of POSTAB
is (x,3), where the x indicates that POSTAB may contain as
many symbols as may be encountered in a particular flight,
The main function of CONVRT is to convert POSTAB to
display (patch) coordinates. This is accomplished by adding
POSY to the latitude values, and POSX to the longitude
values. The new values are then placed in SYMTAB, dimension
(x,3), and returned to SYMBOL via the common area DBLOCK.
Subroutine CHECK1 is called if aircraft heading is

11




North (0 or 360), South (180), East (270), or West (90).
The window coordinates are first sorted into minimum and
maximum values and then passed to CHECK1. If the SYMTAB
values fall within the bounds, then it is placed in RAMTAB.
RAMTAB is later used in FLAG to tell the object drawing
routines what and where to draw a symbol.

Subroutine CHECK2 is called if aircraft heading is
anything other North, South, East, or West. If so, then it
is known that the window is rotated as in figure 5.
Checking for symbols is more complex in CHECK2 than in
CHECK1. Figure 6 gives a pictorial description of the .
discussion to follow,

First an initial check is done against maximum and
minimum values to see if the symbol is within the larger
square, IJKL. Those values that are within tnese bounds are
placed in a temporary table, TEMTAB. Next, the symbols that
are within the triangles, (eg. 123), must be eliminated as
they are not in the display. Midpoints and the slopes of
the rotated display edges are used to do thisis checking.
Figure 7 shows these points. Line slopes for lines AB, BC,
CD, and AD are computed. The midpoints are necessary to
determine which triangle the point is in. This is important
since the next step involves a line slope comparison.

Suppose point x,y (figure 7) is a point that may or may
not be in the display bounds, CHECK2 does the following:

1. Calculates which triangle x,y is in.

2. Calculates the slope of line Bx,y.

12
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3. Slope of line BC has already been determined and is
constant for the present aircraft heading.

4. Compares the slope of line Bx,y with that of line
BC. 1If the slope of Bx,y is less than that of BC, then x,y
is not transferred to RAMTAB. Cecnsideration of another
point, x2,y2, 1is the same except in line slope comparisoon,
If the slope of Cx2,y2 is greater than that of line DC, then
X2, 2 is not in the display. This is why determining which
triangle theApoint is in is important,

Both CHECK1 and CHECK2 return a variable, LCOUNT, and a
table, RAMTAB, to SYMBOL via the common area DBLOCK. LCOUNT
is the number of symbols that are in RAMTAB and hence are
Wwithin the display bounds, This is important in the
execution of other subroutines.

Subroutine FLAG is the last routine called by SYMBOL.
SYMBOL passes RAMTAB and LCOUNT to FLAG.

FLAG checks the value of the x,3 entry in RAMTAB. The
value in x,3 determines which symbol must be drawn at a
particular latitude and longitude.

Each object has a separate subroutine to output a2
representative of that object, FLAG does not return any
values to SYMBOL. FLAG also sets a reset value, IFLAG, for
use by the Ramtek display driver. Reset, or erasure, occurs
only when a new table of RAMTAB values is passed to FLAG.
After erasure, IFLAG is set to zero so that further erasures
will be suppressed until FLAG is again called by SYMBOL.

The object drawing routines referred to above are

16
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simple end point plotting routines. FLAG passes IFLAG,
RAMTAB, and a RAMTAB position pointer, to these routines.

RAMTAB latitude and longitude must be scaled to fit
onto the video screen, Therefore, it is necessary to first
call subroutine OFST.

RAMTAB and J are passed to OFST. OFST establishes the
symbols position on the screen by converting its position in
the window to the same relative position on the screen,
Screen size is 480 (x) by 640 (y), with the origin n the
Jpper left hand corner. A re-scaled RAMTAB value is
returned to the calling routine.

Final output of a symbol occurs when the object drawing
routine calls subroutine DRAW. This subroutine is a
slightly modified version of a vector drawing routine
designed and implemented by Dale Rangéler of SRL, Inc.

DF'W utilizes the Ramtek graphic display driver to
output vectors. Each drawing routine passes a 4X4 matrix
and IFLAG to draw. DRAW simply writes a line between the
beginning x and y coordinates and the ending x and y coor
dinates. The number of calls to DRAW by a particular object
drawing routine is a function of the number of vectors that
an object is composed of.

The program to output Fourier transforms of symbols is
essentially the same except for the addition of three
subroutines.

Subroutine FOURT is a program by Norman Brenner from

the basic program by Charles Rader. It uses the Cooley-

17
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Tukey Fast Fourier Transform and is written in USASI basic
fortran (Ref 4). This subroutine is called by the drawing
routines to determine the fast Fourier transform data points
of the object in question.

Subroutine ZERO zeroes out data after the third
harmonic of Fourier data. This is necessary to get a usable
representation of the object from the data.

Subroutine SCALE reduces the data points to a size that
is compatiblé to the Ramtek display dimensions.

Testing SYMBOL consists of checking values on the
bounds and corners, as well as values in between the bounds.
Appendix F contains a SYMBOL user guide. Appendix G

contains a program listing and test values.

18
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III. LITERATURE REVIEW

This chapter has a twofold purpose. The first
objective is to present some ideas about contemporary map
displays and information requirements, and to show that the
AETMS is a versatile system that does infact, fulfill these
information requirements.

The second objective is to put forth some ideas about
research that has been done concerning symbols, their size
and color, and to give a short synopsis of other problems
that are associated w}th visual displays.

Human factors engineering evaluation has become an
important pre-design consideration, This\is necessary
because a tool that is designed for human use reduces
mistakes and frustration. In light of this, the AAAT-1
Group tasked the Aerospace Medical Research Laboratory
(AMRL) to do an exhaustive search of literature on current
map systems., AMRL found that there are six map systems in
existence today. The following summary of map types
describes each map and its major limitations, and 1is
described in more detail in a report prepared for the AAAT-1
Group by AMRL (Ref 10).

The most primitive map is a handheld chart., It has the
obvious disadvantage of being nearly impossible to use while
flying at high speeds and low altitudes. Currently, no
fighter system uses hand held charts as a map system.

Direct view maps are paper maps mounted between

19




rollers. The map moves as does the airplane. Movement is a
result of computer or doppler input. The major disadvantage
of this system is that it is difficult to imput steering or
heading changes into the system.

The projected map system uses a rear-project
microfilmed transparency of the original map. It is limited
because it is costly and cannot be changed for a specific
flight.

A combined map/CRT is a system that displays a map on a
CRT. Researchers have found that there are legibility
problems with this system. .

Electronic displays generate all information
electronically. Currently, there are no systems with
airborne capablities for using an electronic system.
Designers are hesitant to use this type of a system because
it is easily detectable by enemy radar.

Terrain avoidance and terrain following (T/A, T/F)
systems allow pilots the ability to hide their aircraft
under conventional electronic det on systems by allowing
them to hug the terrain. The AETMS is a system designed to
be a T/F system. "The AETMS is more than just a horizonital
or vertical situation map system. It is an integrated
information system that will supplement current aircraft
systems, giving the pilot the capability to negotiate low
level, high speed profiles" (Ref 50:10).

Information parameters for future aircraft systems are

demanding., They were described by Crawford (Ref 1) and are

20
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listed below:

1. Altitude below 500 ft.

2. Speeds proportionate with pilot and aircraft
capabilities.

3. Sensing equipment that is 'invisible', i.e., not
seen by enemy radar.

4, Use of missiles which require accurate positioning.
5. Minimizing detection time by maximizing time

'‘under' radar.

The AETMS was designed to provide answers to all of
these parameters, The pilot will be able to fly below 500 ft
at his maximum speed. It is an internal system and hence,
it does not leave a signature that can be read by enemy
detection systems. It is a highly accurate system since it
is an exact copy of digitized terrain data. The pilot can
stay below radar until just before weapons delivery. This

is because he will not need to manually search for targets.

Target points will be displayed on the screen. The systen

has the advantage of providing a look ahead feature for the
pilot. Look ahead gives the pilot time to plan at alternate
routes or targets. It is obvious that this system can
reduce pilot stress, and therefore, will help prevent errors
from fatigue.

"The Joint Tatical Information Display Syatem (JTIDS)
is a digital, secure, jam-resistant, communication system

for a real-time command and control of combat operations"

21

PR U GO - e

© ot W

B e g

—r—

—




(Ref 1:2). JTIDS monitors have the responsibility for
standardization of a symbol set for aircraft systems. This

is necessary be .. se contractors develop a set of symbols

each time they bring a new aircraft system on-line. A
Symbology Standardization Committee (SSC) was formed to
develop the standards. The SSC made several
recommendations, a few of which are important to this
discussion. A more detailed explanation of the JTIDS, SSC,
and its recommendations can be found in a report prepared by
the SSC (Ref 2).
The important recommendations are:
1. Largest dimension of a symbol should not be greater
than 17 minutes of visual angle.
2. The symbol height to width ratio should be 3:2 (Ref
{ 2).
Past experiments have shown that 17 minutes of arc is
j optimum. The following equation is used to calculate the

3 size of a character:
H=2DTAN(G/2%60)

viewing distance in inches from eye to surface
minutes of visual angle (arc)
symbol height in inches (Ref 2)

b X
TOCU
TT

N A study by the McDonnell Aircraft Company (McAir)
presents a definition of a test JTIDS symbol set in the F-15
f system. They established the same basic principles on

f object size as did the SSC. In addition, they determined

; 22
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that color is an excellent tool to use in preventing display
clutter. Clutter is a result of trying to place too much
information on a display. The operator becomes overloaded
with informtion and therefore, may miss important points.
McAir used the standard three color system: red indicates
hostility or danger, green represents friendliness or
safety, and yellow indicates an unknown situation (Ref 12).

Electronic display systems also present other
complicatioﬁs in developing an optimum visual display.
These problems include flash or flicker, excess brightness,
ambient light, and the adaptation differences required for
night vision.

Flash or flicker is a phenomenon typical of electronic
displays. The image on the screen appears to flicker. This
is especially noticeable in a dark environment. It
increases fatigue and eye strain, Flicker can be minimized
by reducing contrast and background brightness.

Excess brightness is another problem associated with
electronic displays. Either a symbol or its background is
too bright. Both of these possibilities increase the chance
that other elements of the display will be hard to
distinguish, This problem also causes fatigue and eye
strain.

Ambient light is the light that surrounds the display.
It changes some of the other parameters that must be
considered in developing good displays. It may decrease

contrast or foreground brightness depending on its

23




intensity. These changes may in turn increase the chance of
eye strain or fatigue.

The adaptation requirement necessary for a change from
day to night vision must be considered when designing a
visual display system. It is more difficult to see at
night. Looking out into the dark and then down into a
lighted screen causes immediate adaptation problems. This
is probably the hardest problem to solve or minimize, and
can potentially be one of the most dangerous dilemmas that a
pilot may face.

The preceding discussion was a summary of a few of the
problems that others have observed and have tried to solve,
This thesis does not consider any of these problems, but the
experiment was designed with them in mind. A detailed
Jdescription of these problems and their solutions can be

found in a work by Ketchel and Jenney (Ref 8) and Soliday

(Ref 14).
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IV, SYMBOL AND COLOR SET

This chapter will give some insight as to why a set of
symbols and colors were chosen for the experiment,.

The object set for this experiment consists of eight
symbols and their Fourier transforms (FFT). Appendix D
contains a pictorial representation of the symbols as they
are seen on the Ramtek display.

The objects in the symbol set represent cultural and
lineér objects, and come from three categories, These
catagories include obstructions, ﬁargets, and linear

objects. Table II shows the categories and objects.

The obstruction set is mandatory since the AETMS is
designed to be used in aircraft flying at low altitude and
high speed. The pilot needs to be pre-warned of any
upcoming obstructions in order to avoid them.

Landmarks and target categories are necessary for
similar reasons. The pilot needs a look ahead capability in
order to prepare for weapons delivery or a change in course,

Linear objects will be most difficult to manually
identify, because of high speed and a persp@ctive
background. Hence, linear objects are included Hn the
symbol set.

Kabrisky hypothesized that a two dimensional Fourier
transform occurs on visual input, and that this data is used
by the human visual system for rocessing (Ref 7).

Therefore, the Fourier transforms are included in the set so
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TABLE II
—
i
CATEGORY OBJECT

Obstructions Bridge '
(Landmarks) Tall Building i
Electrical Wires i
Targets Target Designator |
Pointer ‘
I
i

Linear Landing Strip
(Landmarks) Highway )

that it can be determined through testing whether a simple
representation of a object or its FFT is easier to identify.
Adding FFT's to this thesis is for testing purposes only,
the final symbol set will not include FFT's.

Color is a tool that can help enhance the usefulness of
any display. Color sparks curiosity. A color coded system
can also help eliminate clutter, It is important to find
the best combination of colors for the AETMS. Best can be
described as any number of things, including appeal,
functionality, and legibility.

Red, green, and yellow are traditional aircraft
instrumentation colors. Red indicates hostility or danger,
green shows friendliness or safety, and yellow symbolizes an

unknown condition, Tabie III shows foreground and
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TABLE III
SYMBOL BACKGROUND SIGNIFICANCE i
COLOR COLOR :
Red Grey Hostile f
{ Green Grey Friendly
{ Yellow Grey Unknown
‘ Grey Red Hostile
: Grey Green Friendly
i Grey Yellow Unknown
i :
i White Black Friendly !
Black White Hostile : J

background color combinations.

Determining a good combination

of colors and synibols

will help make the AETMS a versatile and functional aid to

pilots.




V. METHODOLOGY

This chapter reviews how the experiment was to be
conducted, and explains what video output is necessary for
such an experiment. The AAAT-1 Group has the equipment
necessary to make a video recording of output produced by
the AETMS and SYMBOL. It is possible therefore, to produce
a sequence of AETMS and symbol overlay outputs that can be
used in an experiment.

The output should consist of three separate tasks: the
learning task, a non-stress identification task, and a
stress producing validation task.

Task 1, the learning task, is necessary because past
results have shown that subjects involved in tests such as
this, need to learn about the task before they can perform
it accurately (Ref 3). If this segment is ignored, then the
results may not be valid and conclusions should not be
drawn. This phase consists of three events. First, the
subject is shown what terrain output looks like, Secondly,
the subject is shown simple symbols and their Fourier
transforms on a plain background, Finally, the subject is
presented the symbols overlayed onto the terrain.

Task 2, the non-stress producing identification, shows
a simple sequence of simple objects, their Fourier
transforms, and a sequence of colors to the subject. The
subject views the symbol and indicates what he thinks it

represents, The subject's identification is either
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corrected or validated. The same interaction occurs in
color identification,

Task 3, the stress producing validation segment, is
done to validate that the symbols really do represent some
identifiable object to the subject. Symbols are presented
in a random order and the subject must identify it and
indicate whether or not the object is a threat.

The experiment is conducted in the same order as the
video producﬁ described above,

Phase 1 corresponds to Task 1. During this phase, the
subject becomes oriented to what the terrain and symbols
should look like. It is also during this phase that the
subject and the one conducting the experiment develop a
rapport. The subject must feel at ease during the
experiment, and this phase allows this to happen.

Phase 2 is implemented by using Task 2. The subject
and experimenter interact during this phase. Phase 2 events
ocecur in the following order: First, a symbol appears on
the screen; secondly the subject indicates what he thinks
the symbol represents; finally, his answer 1is either
corrected or validated., The same sequence of occurs for
color identification.

Finally, Phase 3 is conducted using output from Task 3.
Symbols are generated by the task. As soon as the subject
notices the symbol, he must identify it, and indicate
whether it is a threat, a weapons delivery point, or neither

of these. This phase is used to validate the results of
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previous phases.
The background data and instructions for the experiment

are presented in Appendix E, along with the experiment

questionaire, experiment tally sheet, and post-experiment

questionaire.




VI. CONCLUSIONS

The AETMS will be a powerful tool once a few logistics
problems are overcome. The database for the map is quite
large and requires a great deal of memory. It has been
suggested that bubble memory be used to solve the space and
weight problems associated with other memory devices, 1In
addition, bubble memory has a faster access time than other
forms of memory.

Furthermore, addiﬁions of the symbol overlay and a
threat overlay being developed by the University of Dayton,
will make the entire package a versatile tool for aircraft

systems.
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VII. RECOMMENDATIONS

It is possible to task SYMBOL with PRSPCT and the data
base by using the overlay task building system available on
the PDP 11/45. The thesis software can be reduced to an
overlay of itself. There are at least two ways to do this
One way is to overlay every subroutine onto the main body of
SYMBOL. Another way to do it, is to break the software into
logical groubs, such as: SYMBOL ( SYMBOL, CHECK1, CHECKZ,
CONVRT), FLAG (FLAG,:  DRAW, OFST, BLOCK DATA), and
PICTURE (all of the symbol drawing routines)., The Fourier
transforms programs need to have one more module,
FFT (FOURT,SCALE,ZEROQ). These groups can then be overlayed
onto PRSPCT.

It becomes hard to make a2 large latitude and longitude
table for symbols since memory is a problem., Therefore, a
more compact table should be designed to alleviate the
problem. One way to do this, is to divide BLOCK DATA into
subsets that can be overlayed onto each other. There would
be three sections of block data, one for a latitude ;able, a
second for a longitude table, and a third for a flag table.

A subroutine needs to be added to check the aircraft's
altitude. PRSPCT monitors altitude and so this parameter
could be passed to SYMBOL. Symbol color can then be changed
as the altitude increases or decreases,

The symbol set must be tested to determine which

symbols should be included in a master set. More symbols
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need to be added to the current table so that testing can be
conducted to determine that master set.

Finally, the entire system should be documented so that
those that do not have an intimate knowledge of the system

can use it.

33




Bibliography

1. Carel, W.L., et al. "Design Criteria for Airborne
Map Displays." Culver City, California: Hughes Aircraft
Company, March 1974,

2., Cassella, J.R., et al, "Joint Tatical Information
Distribution System (JTIDS), Standard Symbology Phase I,
Cockpit Display Presentation Formats and Flight Test Symbol
Set." ASD-TR-77-31, Wright-Patterson Air Force Base, Ohio:
Aeronautical Systems Division, June 1977,

3. Chapanis, Alphonse. Research Technigques in Human
Engineering. Baltimore: Johns Hopkins Press, 1959.

4, Cooley, J.W. and J.W. Tukey. "An Algorithm for
Machine calculation of Complex Fourier Series."” Mathematics
of Computation, 19: 297-301 (April 1965).

5. Crawford, N.W. "Low Level Attack of Armored
Targets." Santa Monica, California: The Rand Corporation,
August 197T7.

6. Dreyfuss, Henry. Symbol Sourcebook. New York
City: McGraw-Hill, 1972.

7. Kabrisky, Matthew. A Proposed Model for Visual
Information Processing in the Human Breib. Urbana,
Illinois: University of Illinois Press, 1966.

8. Ketchel, J.M. and L.L. Jenney. "Electronic and
Optically Generated Aircraft Displays: A Study of
Standardizaton Requirements." Washington, D.C.: Office of
Naval Research, May 1968.

9. Kopala, C.J. "The Use of Color-Coded Symbols in a
Highly Dense Situation Display." Wright-Patterson Air Force
Base, Ohio: Air Force Flight Dynamics Laboratory, March,
1980.

10. Kuperman, G.G. and A.J. Defrances. "Airborne
Electronic Terrain Mapping System: A Literature Review,
AMRL-TR-79-92, Wright-Patterson Air Force Base, Ohio:
Aerospace Medical Research Laboratory, October, 1979.

11. Kuperman, G.G., et al. "Information Requirements
for Airborne Electronic Maps." IEEE Transactions from NAECON
1080, 1046-1051 (April 1980).

12, McDonnell Aircraft Company, "F-15 JTIDS
Simulation." St. Louis, Mo: 1979.

15. Sander, D. E. Personal Communication.

e e o ik £l




Y U,

UGN

PP

el Frtew. . ’
ol S

¥
¥
]

14, Soliday, S.M. and J.R. Milligan. "Simulation of

Low Altitude High Speed Mission Performance, Vol. II,
Effectiveness of a HUD Display for Take-off and Landing in
Fighter Aircraft." SEG-TR-66-67, Wright-Patterson Air Force
Base, Ohio: Systems Engineering Group, February 1967.

15. Systran Corporation. "The Airborne Electrnic
Electronic Terrain Mapping System Documention." Dayton,
Ohio: Systran Corporation, 1978.

16. Tamburino, L.A. "Airborne Electronic Terrain Map
Display System, AFAL-TR-77-232, Wright-Patterson Air Force
Base, Ohio: Air Force Avionics Laboratory, December, 1977.




APPENDIX A

ELOWCHARTS

This appendix contains the flowcharts for SYMBOL and
its sub-modules. Note the difference in figure 10 and
figure's 11 and 12. Figure 10 represents a flow chart of

data that has not been transformed to Fourier data.

Figure's 11 and 12 represent the Fourier transform modules,
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APPENDIX B

VARIABLE AND TABLE DEFINITIONS

This appendix contains the variable and table
definitions necessary to understand their use in SYMBOL and
PRSPCT. Table IV describes the AETMS defined variables;
Table V describes variables defined in SYMBOL; and Table VI
describes the tables used in SYMBOL. Common areas are

described in Table VII.

TABLE IV.
NAME DESCRIPTION
 BAU 128
i i B 1 BAU
;
{ ? A aircraft azimuth
: Patch a digital description of a
: small area of terrain in memory
? DH display horizon (5.52)
-*< DA change in azimuth over
{ one time slice
éi D aircraft speed in knots i
¢
[ IWY
IWX
S~ IX
f‘ IY
g JX
» : JY :
: b OKX Corner coordinates of e
- i KY the window

? 40
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TABLE V.
NAME DESCRIPTION
POSX Coordinate conversion factors
POSY
CONS sine and cosine factors
. CONC
|
i AX,AY
© BX,BY Corner coordinates (window)
' CX,CY
DPX,DPY
b X YMIN
i X;YMAX ’ boundary values
!
| SAB
! SBC
SAD
sbcC Edge (window) slopes
LCOUNT _ __ __ __ Number of symbols in the window
TABLE VI.
. -
NAME DESCRIPTION
RAMTAB Table of values within
the bounds
! SYMTAB Latitude and Longitude
| values in patch coordinates
|  TEMTAB Temporary table

POSTAB Latitude and Longitude

values in real world coordinates




TABLE VII.

P
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T

NAME OWNERS

DTABLE BLOCK DATA, CONVRT
DAREA SYMBOL, OFST

DBLOCK SYMBOL, CHECK1,

- CHECK2, CONVRT
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APPENDIX C ‘o

EQUATIONS

This appendix contains the equations necessary to

determine the conversion factors in symbol. All of these

J R R N Pa

equations were developed by AETMS designers (Ref 15).

IAY,FAY = (IAY,FAY)+D(DA#(B/2)#SINA+COSA)/DY
IAX,FAX = (IAX,FAX)+D(SINA-DA*(B/2)%*COSA)/DX
PbSX = D(SINA-DA¥*(B/2)*COSA)/DX
POSY = D(DA*(B/2)*SINA+COSA)/DY
CONS = ((DH*SINA)/(2%*DX))
CONC = ((DH*COSA)/(2%DY))

lhxﬂud¢4i,

o
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APPENDIX D

SYMBOL SET

This appendix contains the eight symbols that can be
displayed by the thesis software. The symbols are

i international symbols compiled by Dreyfuss (Ref 6),
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APPENDIX E

EXPERIMENT INSTRUCTIONS AND DATA COLLECTION FORMS

This appendix contains the data collection forms
necessary to compile dataB from the experiment., Included in

this appendix are the background and instructions, an

experiment questionaire, an experiment tally sheet, and post
experiment questionaire.

Instrucﬁions and the background information are an
important part of any experiment., If the subject is not
interested in the experiment in which he will participate,

then he may become bored or inattentive. Therefore, the

subject is first given some background information about the
AETMS and why the experiment is to be conducted.
{ Furthermore, if the subject does not understand the
instructions, he will not be able to complete his task and

results may be invalid (Ref 3).

INSTRUCTIONS

4 This is a three part experiment. Part 1 is an
orientation phase. Part 2 is an identification phase and :
Part 3 is a validation phase. I will give you some
background on the AETMS and instructions before we begin.

Are there any initial questions?

Part 1 is an orientaticn phase. You will be shown a

el A VA

sample terrain, symbols on a plain background, and symbols

- .-
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overlayed on the terrain, Your task is to view the output
so that you will have an idea of the visual output that will
occur in the other two phases. Feel free to ask questions
during this phase.

TASK 1 is presented to the subject,

Part 2 is an identification phase. We will interact in
a question and answer format, You will be presented a
symbol on the screen. Tell me what you think it is. I will
validate youk answer if you are correct, and correct your
answer if it is incorrect. Ve go through the same sequence
of events with different color combinations. Are there any

questions?
TASK 2 is presented to the subject.

Part 3 is a validation phase. Symbols will be randomly
presented. Once you see a symbol indicate what it is. Also
indicate whether or not it is hostile or threatening. This
is done by color coding. Colors and symbols seen in this

phase are the same as seen in the previous phases.
TASK 3 is presented to the subject.

The experiment is now over, Please answer the

questions on the questionaire,

EXPERIMENT QUESTIONAIRE

1. Task 2: What does the symbol represent?
2. Task 2: What does the color represent?
3. Any task: What comments do you have about this phase?

_ -
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EXPERIMENT TALLY SHEET

TASK 2

OBJECT PLACE A 1 IF THE OBJECT/COLOR WAS CORRECTLY
IDENTIFIED

Highway
Electrical lines
Bridge &

Bridge b

Pointer

Target

Landing strip
Building

COLOR

red
green
yellow
black
white

TASK 3

OBJECT COLOR COLOR/correct/SYMBOL (1 indicates correct)

Building green
Target red

Pointer red
Electrical lines yellow
Highway green
Landing strip green
Electrical lines red
Bridge A yellow
Target red

Bridge B yellow
Building black
Pointer white

47
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POST EXPERIMENT QUESTIONAIRE

1. Did you feel at ease during the experiment? If
not, why not?

2. Were there too many distractions during the
experiment?
3. Were the instructions clear and was there ample

time to ask questions?

4, Rate the display with these factors. 1 indicates a
high rating, 5 indicates a low rating.

Legibility 1 2 3 4 5
Understandibility 1 2 3 4 5
Functionality 1 2 3 4 5
Appeal 1 2 3 4 5

5. If you were in the position of accepting this
display system of a SPO would you

a. Accept the system as you saw it in the experiment?
Yes No (if yes, goto 6)

b. Require a change to the terrain output? Yes Ko

c. Require a change to the symbols in the symbol set?
Yes No

What changes would you expect?

6. Imagine that you are a pilot tasked with destroying
an enemy oil field. Your mission will take place at
night and the weather leaves much to be desired. You
therefore must depend on the display system in your
airecraft, Will you feel at ease in trusting your 1life
to this system?

Why?

7. Please feel free to make any other comments about
the display or experiment.
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APPENDIX F

USER'S CUIDE

This appendix contains a guide for those who would like

to use the thesis software.

The following short program can be added to call SYMBOL.

Program Runner
Print#¥*,'input the information that will simulate AETMS inputs'

Read* , IAY,IAX,FAY,FAX,A,DX,DY,NX,NY,D,DA

Call SYMBOL(IAY,IAX,FAY,FAX,A,DX,DY,NX,NY,D,DA)

END

Figure 14 represents BLOCK DATA as it is in the thesis
software. The first 21 entries represent IAX,FAX and the
second 21 represent IAY,FAY, The last 21 entries represent
flag values. The following equation will break each table

entry to a minutes and degrees entry. Input into RUNNER

must be in minutes and degrees.

PR S C3

Let the entry we are to consider be the first one.

IAX,FAX= 15.5 Break down is done in the following manner:

tam B

IAX=15 (integer); FAX=.5%60 (real) the IAY that corresponds i
to 15.5 is 10.75. Break down is similar to the IAX,FAX

break down. IAY=10 (integer) and FAY=.75%60 (real). Input

for these two values is: IAY IAX FAY FAX DX DY A NX NY D DA

u -
3,
il 2.

10 15 30. 30. 10. 10. O. 64 64 0. 1.

IW"",‘_"_“‘-‘.: z’ i

All these values are defined in APPENDIX B. A and DA

must be input as BAU values., Conversion from degrees to

BAU's is done with the following equation: ;

(azimuth in degrees)#®*(PI/128)
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Figure 14. Block Data

Similar conversion for the other values in BLOCK DATA

Wwill allow the user to the ability to retrieve all symbols.




APPENDIX G

i SOETWARE LISTING

This appendix contains a listing of all the modules in

SYMBOL and the test data. Note that there are three

subroutines named FLAG. This was necessary due to the fact

that there is only 28K of usable memory in the PDP 11/45,
The program could not be compiled as one unit, Therefore,
there are three separate tasks. TASK I is the entire module
Wwith eight symbol drawing routines, TASK Il uses the same
SYMBOL, CHECKI,CHECKII, OFST, and CONVRT that TASK I uses. ;
TASK II contains subroutines that output four of the symbols |

as Fourier data, while TASK III outputs the other four.

FLAG is varied depending on which task it is a part of.
Also contained in this listing of the executive routine
in the AETMS system, PRSPCT, SYMBOL is called by PRSPCT

just before the end of the controlling loop.
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TEST RESULTS

The data that follows is the result of input to the
thesis software. The input is data that is simulated to be
like information that will be received from PRSPCT. The
output statement, DIRECTIVE STATUS 1 and IOSTAT 1 indicates
that the Ramtek driver sucessfully output information to the
video display.

The first nine sets of data show that all symbols can

be drawn. The second set of data shows that the program

does not fail at the boundaries.
The corner coordinates are the coordinates of A, B, C,
and D of the window. XMIN, XMAX, YMIN, and YMAX show the

minimum and maximum boundary values. The other data is

self-explanatory.
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AX%CxﬁFT HEADING QND SPEED
PEGRIES. 1. K

INITIAL LATITUDE: 10.53 INITIAL LONGITUDE:

COANER COCDINATES
15.80<00 16.50009 15.21940 10.70069

16.78850  10.7E330

XHIN, XMAX, YRIN, YHAX
16.21840  15.76060  10.5C020  11.86120

THE RANTEK TABLE
§.5C0d 10.7517 20.2300 .
DIR'CTIU& STﬁTUa' b
10STAT
?!F CTXUE ST?TUS' 1
DIP'CTIVE STATUS. 1
I0STAT - 1
gxcuuav HAS BEEN DRALN
RIRCRAFT HZADING AND SPEED
O DEGREES. 1. KiJTS
INITIAL LATITUDE: 30.59 INITIAL LONGITUDE:

CORNER COORDINATES
35.5CL00  39.580C0  35.21940  30.788G0

35.78060  32.780CC9

XNIN, XBax, yRIN, YMAX
36.21940  35.75860 30.50800  31.06120

THE RAMTEK TABLE
35.5002 20.7517 40.00¢0

DIRECTIUE STA?US- b
DINECTIUE STRTUS- i
1057AT - 1

DIRECTIUE SThTUS' 1

lRIDuE A HRS BEEN DRAUN

h!RCRﬁFT HEADING AND €PEED
REES. 1. KNOTS

INITIAL LATITUDE: 20.58 INITIAL LONGITUDE:

CORNER COORDINATES
25.50000 20.52000 25.21940 20.78060

25.78060 20.75C60

XMIN, XTiAxX, YNIN, Y3
28.21940  é&s. 7.060  20.50000  21.08120

?NE RANTEK TABLE

£2.7517  36.¢000
nxggcrzun ST?TUS- 1
DISECTIUE TATUS® t
DIRECTIVE srarus- 1
DIRECTIVE sraru,- 1
DIPECTIVE s¢arus- 1
DIRLCrIvE sTATUSS 1
IGSTAT = 1
ELECTRICAL LINES WAVE DEL

15.50

15.5C3C0

35.59

35.50020

&s.50

25.500¢2

i1.

.

21.




80,£5,39.,39.,0.,10.,10.,04,64,0.,1.

AINCF FT HEADING AND SPEED
¢ lEGREES. 1. KNHATS

INITINL LATITUDE: €0.5¢ IMITIAL LONGITUDE: 8S.56

COR:ZR _COORDINATES
85.5C209 80.50360 55.21940 BO.78350 85.503090

85.7C069 80.70062

XMIN, XAX, YIIN, YIIaX
85.21940 §5.7¢050 80.S5C200 B1.65120

THE RANTEK TABLE
85,5629 £€3.7517 93.0329
DXPEC;IU~ ST?TUS'

10
DIRES;IUE TﬁTUS'
DIRECTIVE STﬂTUS‘
J10STAT - 1
DIPECTIUS STATUS.
105TAT - i
DIKECTIVE STATUSe
JOSTAT - b
DIRECTIVE STATUSe
105TAT - 1
DIFHCTIUG STQTUS'

0374t
DI"CTXUE STR?US'
O0STAT -

108
DIRECTIUE STaTu:-
l°¢l - 1

e sa s e e P e e

40.45.33.,3.- ..o.l‘u.lOO .54 54.0.,1.

nIRCRAF? HEADING AND SPEED
DEGREES. 1. KNKOTS

INITIAL LATITUDE: 40.50 INITIAL LONGITUDZ: 45.58
CORNER COQRDINATES

45.50000 49.50000 45.21940  40.76030  45.500860

45.78068  40.78060

IN, XMAX, YITIN, YMAX
x 45.21040 45.72069 49.50€00  41.85120

THE RANTEK TABLE

45.5030 40,7517 50,0000
DIRECTIVE STATUS'
1057AT - 1
DIRECTIVE STATUSe
105TATY - 1
?IF:CT!U' STATUS'
DIRECTIVE STRTUS'
10S7TAT - 1
DXR;C;IU& 5??705-
D!RFC;IUE SThTUS'
gRIDGE 8 HAS FEEN DRAUN

o b pp g e s

8.

41.




{

e

27,3%,30.,33.,0.,10.,10.,€4,064,0.,1.

AaITIN ST KTADING AND SPEED
0 DcliEEs. 1. KNITS

INITIAL LATITURE: 30,59 INITIAL LONGITUDZ: 35.80

CURNER CCODINATES
35,8000 30.50200  35.21940 30.78CEO 3S.58808

35.78€50 22.73C60

XAIN,XEAX, YAIN, YK
35.219%0 35.76¢G6  30.50892  31.6612d

TH _ReATEK TABLE
5,500 32.7517 40,0990
DIP;CFIUE STATUS» 1

1
?ILECTXUE ‘TﬁTUS- {
DIF’CTIUE STRTUS- 1
105TA

1
L”IDGE n HAS BEEN LlAUN

6.065029‘0430 .00110.,10‘.5‘ GQ,O..[,

RIRCRNFT KEADING iy co
O DEGREES. 3. KioTo cD

INITIAL LATITUDE: 60.50 INITIAL LONSITUDE: 65.59
CORNER_COCRDINATZS .
«5C300  G0.50000 65.21948  60.70659 05.632¢c8
€5.70060  £0.78059

XMIN, XMAX, YMIN, YRAX
65.21949 €5.70060  (0.50000 61.06120

THE RAMTEK TADLE
39.7617 .
?xnrcrrug sr?rus. B17  70.c000

DIRECTIVE STATUSs 1
SeRteT1oE STA

L ¢ j ﬂTUS
105747 - 1 !

INE LANDING STRIP HAS BEEN DRAUN

59,55,39.,30.,0.,10.,10.,64,64,0.,1.

AIRCRAFT WZADING AND SPEED
@ DEGREES. 1. KNOTS

INITIAL LATITUDE: 50.50 INITIAL LCHGITUDE:D §65.50

CORNER COORDINATES
55.56200 50,5008 $5.21940 S59.78009 £5.50049

$5.78068 50.78060

XAIH, XEAX, YMIN, YPAX
§5.21840 55.70060 50.50200 51.05120

THE RAQTEK TACLE

€559 £3.7617 63.0008
?!REC;IUE STh?US 1
gIPECTIUE S??TUS- 1
Déf:CTlUE STATUS» 1

A 1
TH. POINTER HAS SSEN DRAUN

- J

3.

61.

119




1’.15039053“. .°0.1°0)1°006‘ 6‘.0..‘0

XRCRQFT HEADING AND SPEED
GREES. 1. KNOTS

INITIAL LATITUDES 70.50 INITIAL LOMGITUDES 75.59

CORRER COORDINATES
76.50000 70.50000 75.21949 70.7CCE3  75.50¢09

75.78060  70.78060

XMIN, XMAX, YMIN, YRAX
26.21940  75.70050  70.50009  71.85120

THE RANTEX TABLE
75.5020 22.781? £3.4020
DIRECTIVE STATUS.
105TAT - 1
DIRECTIVE STATUS»
105T4T - 1
DIRECTIVE STATUSe
IOSTAT -
gIPcCTIU STATUS» 3

T 1
;HE TARGET SYMDOL HAS BEEN DRAUN

- s e

n.




£€.,35.0.,8.,1.104,10,,10.,64,64,0.,%.

36N il ¢ VEPDXNG AMD ’TEED
45 DEGLEES. « K0TS

INITIFL LATITULE: 85.C0 INITIAL LONGITUDZ: 35.690

CORNER COCTDINATES
35.00509  85.€0030 35.12439 85.37635 35.50116

35.37686  B4.£7569
XIIN, XRAX, YHIN, YAX

35.64$90  35.50116 84.87569  85.37¢SS
85,35,9.,0.,2.209,10.,10.,64,64,0.,1.

AIRCRAFT HEADING AND ‘F’ED
90 DEZGREES. 1. KNOTS

INITIAL LATITUCE: 85.C0 INITIAL LONGITUDE: 35.€)

CORNER COORDINATES
35.C3029 . £3.00009  35.39254 §5.05020 35.45074

35.05%20 £4.60745
XMIN, XUAX, YRIN, V1A

36.60280  35.45074 £4.60745  85.05220
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AIRCRAFT HSQD!NG #ND EPEZD
135 DEGREES. . KHOTS
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CORNER COORDINATES
35.60¢00 §5.00000 35.20852 84.675G5  34.00423
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XMIN, XPAX, YNIN, YHAXK
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85,5\8\35,60.,0.,6.616,10.,10.,64,64,0.,1.
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270 DEGREES. 1. KHOTS

INITIAL LATITUDE: €5.39 INITIAL LOAGITUDE: 29.090
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c0 g§.00969 €5.02369 34.82647 85.356883 35.18335 8S.

35.35687 85.17353
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xnx34.82847 35.33687 §5.00980 85.53041

85,35,0..0.,7.720,10.,10.,64,64,0.,1.
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315 DEGREES. 1. KiWdYS

INITIAL LATITUDET 38S.02 INITIAL LONGITUDZ: 325.¢0

CORNER COODINATZS
35.82¢¢0  95.0C020 35.24660 £5.31557 35.55517  6S.

35.31657  B84.79%41

XRIN, XRAX, YIN, ¥iiX
35.80C20 35,55517 84.75%41  85.31557

85,35,0.,0.,8.824,10.,10.,64,64,0.,1.

AIRCRAFT VIADING P19 SPEED
350 DEGREES. 1. KEOTS

INITIAL LATITUDE: £5.00 INITIAL LO:GITUDES 35.¢€8

CORNER COORDINATES
'35.6G380  85.CC000  35.39209 84.92716 35.31724 g4,

34.92716  84.CC332

XMIN, XMAX, YIIN, YRAX
34.92716  35.3.229 £4.53796  85.00000

75.7.0'0 .°. 0: 10‘0 10' "0-‘64;“;2.2691‘ .

AIRCRAFT HSADING AND SPEED
135 CEGREES. 1. KidTS

INITIAL LATITUDE: 75.00 INITIAL LOSGITUDE: 79.09

CORNER CCORDINATES
70.6¢09  75.00000 70.22863 74.67565 69.90427 74,

69.67566 74.77133

XMIN, XPAaxX, YMIN, YIIAX
69.675668  70.22083  74.44703  75.00000
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